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57 ABSTRACT 

A mutant non-human mammal lacking expression of the 
lymphocyte-specific tyrosine kinase p56*. Lck deficient 
mice possess few peripheral T lymphocytes and a pro 
nounced thymic atrophy. The remaining thymus contains 
immature thymocytes surrounded by a perturbed thymic 
microenvironment. p56* appears to play a crucial role in 
early thymocyte differentiation. 
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MOUSE HAVING A DISRUPTED LCK GENE 

This application is a continuation of application Ser. No. 
07/872,985 now abandoned, filed Apr. 24, 1992. 

The invention is a mutant mouse having a disrupted lek 
gene. The mutant of the invention does not express the lck 
gene product, lymphocyte-specific tyrosine kinase p56*. 
The invention is useful for the study of T cell maturation and 
activation, and accordingly, may prove useful in developing 
treatments for a wide variety of immune-related diseases. 

The lck gene product p56* is a 56 kilodalton (kD) 
polypeptide belonging to the Src family of membrane-bound 
tyrosine protein kinases. Normally, lck is expressed exclu 
sively in lymphoid cells, most predominantly in thymocytes 
and peripheral T cells. p56* has been shown to associate 
specifically with the cytoplasmic domains of both CD4 and 
CD8T cell surface glycoproteins, and interact with the IL-2 
receptor B-chain and the protein tyrosine phosphatase CD45. 
These associations suggest that Lckenzymatic activity plays 
a role in signal transduction during the thymic education of 
maturing thymocytes and T cell receptor-mediated activa 
tion of mature T cells. Moreover, the presence of p56* in 
NK cells, EBV-transformed B cell lines, and non-lymphoid 
carcinoma cell lines, suggests that Lck might also be 
involved in signal transduction pathways of other cell lin 
eages as well. 

Two other Src-related tyrosine protein kinases are 
expressed in T cells: p59' and p62'. Fyn is ubiquitously 
expressed but exists as an alternative-splicing gene product 
(p59") specific to hematopoietic cells, including T cells. 
The ability to co-immunoprecipitate p59" with the T cell 
receptor (TCR)/CD3 complex has implicated this kinase in 
T cell receptor signalling. Moreover, thymocytes derived 
from transgenic mice overexpressing fyn show an aug 
mented calcium influx response upon TCR engagement'. 
The high degree of conservation between members of the 
Src family of tyrosine protein kinases and the paucity of 
abnormalities observed in Src-deficient mice have raised 
the question of functional redundancy among these kinases 
and, specifically, whether there is an absolute requirement 
for both fyn and lck expression during T cell development 
and activation. 

The generation of an lick null mutation by homologous 
recombination in embryonic stem cells was undertaken to 
evaluate the role of p56* in thymocyte development and T 
cell activation. Lck-deficient mice showed a pronounced 
thymic atrophy, with aberrant organization of the cortical 
epithelium and dramatic reductions in both the double 
positive (CD4"CD8") thymocyte population and the thymic 
medullary compartment. Mature, single positive thymocytes 
were not detectable in these mice and only very low numbers 
of phenotypically abnormal T cells were found in the 
periphery. These results not only emphasize the crucial role 
of p56 in the early phases of thymocyte development, but 
also illustrate that an impairment of T cell differentiation 
(via an intrinsic T cell defect) can influence the development 
of the thymic microenvironment. The similarities between 
the perinatal normal thymus and the thymic phenotype 
observed in these Lck-deficient mice, as well as the abnor 
mal presence of an early thymocyte marker in these mice, 
raises the possibility that the observed block in thymocyte 
differentiation occurs at the transition between fetal and 
postnatal T cell development. 

BRIEF EDESCRIPTION OF THE DRAWINGS 

FIG. 1a shows schematic diagrams of the mouse lcklocus 
in parental D3 cells (wild-type lok), the targeting vector 
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2 
(PmickBSNeo2.3), and the predicted structure of the dis 
rupted lok locus (mutant lck). 

FIG. 1b is a Southern blot analysis of the structure of the 
lcklocus in parental D3 cells (ES) and two targeted cell lines 
(56b3 and 5gb5). 

FIG. 2a is an immunoblot analysis of p5 
levels. 

FIG. 2b is an immune complex kinase assay of p56* 
activity. 

FIGS. 3a–3t represent flow cytometric analysis of periph 
eral blood (FIGS. 3a–3b); thymocytes (FIGS. 3c-3h); and 
lymph node cells (FIGS. 3i-3t) from 3-4 weeks old wild 
type (+/-), heterozygous (+/-), and homozygous (--) 
mutant mice cloned from 5gb5ES cell line. 

FIGS. 4a–f show thymic immunohistology of (a-c) nor 
mal and (d-f) Lck-deficient mutant mice, stained with the 
monoclonal antibodies (a,d) ER-TR4, detecting cortical epi 
thelial cells, (b,e) ER-TR5, detecting medullary epithelial 
cells, and (c.f) Th V-14, detecting an early thymocyte 
antigen (ca, thymic capsule; C, cortex; M, medulla). Frozen 
sections of thymi from 3-4 week old normal and homozy 
gous mutant mice were stained with different antibodies 
using a two-step immunoperoxidase method as previously 
described 7. 

FIG. 5 is a graph showing proliferative responses of 
peripheral T cells from normal (+/-) and Lck-deficient (--) 

1CC. 

FIG. 6 is a graph showing analysis of B cell responses in 
normal (+/-) and Lck-deficient (-/-) mice. 

Generation of Mice Lacking p56* 
A replacement-type vector (PmlckBSNeo2.3) was con 

structed (FIG. 1a). This targeting vector was introduced into 
D3 embryonic stem (ES) cells by electroporation. Six inde 
pendent targeted ES cell lines were generated. The average 
frequency of homologous recombination was about 1 in 
2x10" electroporated cells and 1 in 130 G418-resistant 
clones. Southern blot analysis confirmed the homologous 
recombination event (FIG. 1b). The same profile of hybrid 
ization was observed using the targeting vector as a probe, 
whereas probing with the neomycin resistance gene showed 
only the single 3 kb fragment (data not shown). Germ-line 
transmission of the lck disruption was obtained with two ES 
cell lines. Heterozygous mice were inbred to obtain mice 
homozygous for the disrupted lek gene. 
Homozygous mutant mice have no detectable p5 
Although mice homozygous for the disruptedlck gene are 

predicted to be unable to produce wild-type p56* 
polypeptides, it was conceivable that part of the Lck protein 
amino-terminal to the mutation could still have been 
expressed. To address this issue, western blots were per 
formed using an antibody directed against the N-terminal 
end of Lck, using either thymic (FIG. 2a) or lymph node cell 
lysates (data not shown). While full-length p56* was 
detected in extracts prepared from either wild-type or het 
erozygous mutant mice (lanes 2-9), no Lck protein, either 
normal or truncated, was detected in the homozygous 
mutant mice (lane 1). Immune complex kinase assays (FIG. 
2b) demonstrated a 50% decrease in p56* kinase activity in 
heterozygous mice (in correlation with 50% of the normal 
protein level present) and no detectable p56' kinase activ 
ity in the homozygous mutant mice. Thus, the mutation 
created in these mice is “null": no Lckprotein is detected by 
either structural or functional assays. 
CD4 downregulation in heterozygous mutant mice 
Heterozygous mutant mice were found to be healthy and 

their lymphold organs were normal according to macro 

6* protein 
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scopic examination. Thymocyte and peripheral T cell popu 
lations were also normal in these mice. However, CD4 
staining of peripheral blood lymphocytes showed a consis 
tent decrease in the fluorescence intensity (mode), suggest 
ing a downregulation of CD4 surface expression in the 
heterozygous mice (FIG. 3a). Interestingly, this decrease of 
CD4 expression was not seen on CD4" thymocytes, nor was 
there a downregulation of CD8 on either CD8 thymocytes 
or CD8 peripheral T cells (data not shown). 

Profound block of thymocyte development in homozy 
gous mutant mice 
Mice homozygous for the lck disruption were noted to be 

healthy and fertile in an animal colony under specific 
pathogen-free (SPF) conditions. Gross inspection of the 
lymphold organs showed a considerable atrophy of the 
thymus, whereas the spleen and lymph nodes were normal 
in size. 
The thymic atrophy observed in these mice is associated 

with a decrease in the total number of thymocytes (6x10'- 
2x10 vs 2x10 for normal littermates). The remaining 
population consists of 60–80% double positive (CD4"CD8) 
and 20-40% double negative (CD4CD8) thymocytes. The 
absolute number of double negative thymocytes is similar to 
that of normal littermates (3x10-6x10); however, there is 
a dramatic reduction of the double positive thymocyte 
population (0.3x10-1.6x10" vs 1.8x10 for normal 
littermates). The size of this double positive population 
remained within these values from 10 days to 8 weeks old. 
Neither CD4"CD8 nor CD4 CD8" single positive thy 
mocytes were detectable in the thymi of homozygous mutant 
mice (FIG. 3b). 
The double negative thymocyte population is Thy-1 

CD3-intermediate, with the presence of a J11dhish, IL-2 
receptor O-chain (IL-2RO) positive subpopulation (40% of 
double negative thymocytes). The double positive thy 
mocyte population does not contain CD3” cells and there 
is, on average, elevated CD3 expression at intermediate to 
high levels: 25% of the CD3" cells have a CD3 surface 
expression level similar to that of normal CD3", single 
positive thymocytes (FIG. 3b). 

Surprisingly, among the few thymocytes remaining, 
15-20% of the cells from 4 week-old homozygous mutant 
mice were shown to express an early thymocyte antigen, as 
assessed by both fluorescence-activated cell sorting (FACS; 
data not shown) and immunohistochemical staining using 
the monoclonal antibody Th V-14 (FIG. 4; c vs f). The 
hybridoma expressing Th V-14 was obtained after fusion of 
Lou rat spleen cells, previously immunized with fetal 
C57BL6 thymus cells, with SP2/OF cells. ThV-14-positive 
thymocytes are first detectable in the thymi of normal mice 
at gestation day (GD) 13 and, at GD 16, most thymocytes are 
Th V-14-positive. Later than GD 16, the number of Th 
V-14-positive thymocytes in normal mice decreases rapidly 
such that only few positive cells remain, predominantly in 
subcapsular and cortical regions, after GD 18 and through 
out life. 
The lack of detectable single positive thymocytes sug 

gests that Lck-deficient thymocytes cannot progress beyond 
the double positive stage of differentiation. The drastic 
reduction seen in the size of the double positive thymocyte 
population may result from a block in the expansion of this 
cell population, related to their inability to enter the cell 
cycle. An analysis of the cell cycle using propidium iodide 
staining of thymocytes from 4 week-old homozygous 
mutant mice showed a cell-cycle profile similar to that for 
normal 3-4 week-old litternates (+/-): around 20% of 
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4 
thymocytes are in the S or G2+M phase of the cell cycle 
(data not shown). Thus, it appears that the reduction in the 
size of the double positive thymocyte population of Lck 
deficient mice is not the result of a block in cell cycle entry. 
It remains unresolved whether this reduction is caused by 
increased thymocyte apoptosis or a block in thymocyte 
differentiation prior to a programmed or thymic-induced 
expansion of the double positive population, or both. 

Perturbation of the thymic microenvironment 
The developmental block observed within the thymocyte 

population is also evident within the thymic architecture. 
Immunohistochemical staining of the thymus using the 
cortical epithelium-specific monoclonal antibody ER-TR4 
showed that the normal reticular organization of the cortical 
stromal cells was disrupted in the homozygous mutant mice 
(FIG. 4; a vs. d). Although single positive thymocytes are 
undetectable in homozygous mutant mice, Small Zones of 
thymic medulla were detected by conventional histology 
(hematin-eosin staining; data not shown). Immunohis 
tochemical staining using the monoclonal antibody ER-TR5 
confirmed that few meduliary epithelial cells were present, 
but only within very restricted loci, as compared to normal 
mice (FIG. 4; b vs e). Together, these data indicate that the 
abnormal T cell development observed in these Lck 
deficient mice is paralleled by an abnormal development of 
the thymic stroma. 
Abnormal peripheral T cells 
Although the overall numbers of cells within lymph nodes 

and spleens from homozygous mutant mice are normal, a 
dramatic inversion in the B/T cell ratio was observed: 90 to 
95% B cells and 5 to 10% T cells (FIG. 3c). Peripheral T 
cells are Thy-1, CD3, TCRO.B., and display a lowered 
surface expression of either CD4 or CD8 (Lyt2-Lyt3 het 
erodimer; FIG. 3d). One percent of the lymph node popu 
lation are TCRyö" T cells. 
To test the activation signaling pathways in those few T 

cells found in the periphery, lymph node and spleen, T cells 
were purified and stimulated using anti-CD3 or anti-TCROB 
monoclonal antibodies, interleukin-2 (IL-2), phorbol ester 
(PMA) and calcium ionophore (ionomycin; FIG. 5). Prolif 
erative responses were assessed by H)-thymidine uptake 
and were identical in normal and heterozygous mutant mice 
for all stimulants tested (data not shown). In the homozy 
gous mutant mice, there is a proliferative response to both 
CD3 and TCROB crosslinking, but this response is reduced 
as compared to control, especially for CD3. Response to 
CD3 crosslinking in the presence of IL-2 was consistently 
higher than to CD3 alone, and the response to IL-2 alone was 
within the same range as the control. The responses to 
phorbol ester and ionomycin treatment were identical for 
normal and Lck-deficient T cells. 
B cell responses 
Evaluation of serum immunoglobulin levels by a modi 

fied ELISA procedure revealed an increase in IgM, a sig 
nificant decrease in IgG and a marginal increase in IgG 
and IgG isotypes in homozygous mutant mice (FIG. 6). 
However, the competence of splenic B cells from these 
Lck-deficient animals to respond to the T-independent mito 
gen LPS was found to be comparable to that of normal mice 
(FIG. 6). 

Discussion 
Mice lacking p56* have a profound block in thymocyte 

differentiation and few peripheral T cells, demonstrating that 
p56*-mediated signals are required for progression beyond 
the double positive (CD4"CD8") thymocyte stage. The 
potential role of p56* in T cell development had been 
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suggested by lck transgenic mice models, in which a loss of 
mature, functional CD3 thymocytes was observed upon 
augmented expression of p56* (ref. 4). The strong impair 
ment in T cell development observed in the Lck-deficient 
mice underlines the crucial role of this kinase, since the 
other T cell-specific tyrosine kinases, fyn and yes, are unable 
to compensate for the absence of lek. This lack of functional 
redundancy, at least for lck activity, is surprising in light of 
the functional overlap observed in other tyrosine kinase 
deficient mouse strains. Mice lacking c-Src possess no 
apparent abnormalities in tissues normally expressing high 
levels of c-Src (i.e., platelets and neurons; ref. 3); moreover, 
mice lacking fyn display normal thymocyte development 
and normal peripheral immune responses, although the 
proliferative response and calcium mobilization after CD3 
crosslinking is diminished in Fyn-deficient thymocytes. 

Lck-deficient mice not only possess a thymocyte devel 
opmental defect, but this block is also seen to perturb the 
thymic architecture. Although the reduction in thymic 
medulla can be partially explained by the absence of single 
positive thymocytes, the paucity of medullary epithelial 
cells and the disordered appearance of the cortical stromal 
cells are thought to result from the lack of interaction with 
developing thymocytes. The observation that impaired T cell 
differentiation (caused by an intrinsic T cell defect) can 
influence the development and structure of the thymic 
microenvironment indicates that the interaction between 
thymic lymphold and stromal components is symbiotic and 
not, as previously thought, a one-way instruction from the 
thymic microenvironment to the developing T cell. Reduc 
tion of the ER-TR5 medullary stromal compartment has 
also been observed in mice exposed to other lymphold 
depleting regimens (i.e., cyclosporin A', ionizing 
radiation), and in SCID mice, which lackfunctional B and 
T cells'. The ability to restore both the thymic architecture 
and T cell differentiation upon reconstitution of SCID mice 
with normal bone marrow cells' supports the notion that the 
medullary microenvironment itself is influenced by the 
presence of developing thymocytes. 

Although there is a strong impairment in T cell and 
thymic development, B cells, colon, and lung appear to 
develop normally in Lck-deficient mice, indicating that lck 
expression is not essential for the development of these cell 
lineages and suggesting that the expression of Ickin immor 
talized B cell, colonic, and pulmonary carcinoma cell lines 
reflects an aberrant regulation of lineage-specific gene 
expression in transformed cells. The normal response of 
splenic B cells to LPS and the presence of IgM in the serum 
demonstrate that the lack of lick does not interfere signifi 
cantly with T-independent B cell function. The increased 
serum IgM levels observed in the homozygous mutant mice 
may simply be due to the higher absolute number of B cells 
found in these animals or may rather reflect a perturbation in 
the activity of distinct B cell populations, such as the Ly1 
B cell subpopulation, which are thought to contribute to the 
production of natural antibodies. The significant decrease of 
IgG levels in the homozygous mutant mice, but not of other 
immunoglobulin isotypes, may be related to the low number 
of CD4'" T cells present in the periphery, potentially 
responsible for a decreased efficiency of immunoglobulin 
class-switching and creating an immunoglobulin profile in 
the Lck-deficient mice comparable to that seen in the 
absence of T-helper cell function (i.e., MHC class 
II-deficient mice' and IL-4-deficient mice"). 

Despite the strong abnormalities in T cell development, 
Lck-deficient peripheral T cells are present, albeit in dra 
matically reduced numbers. Interestingly, these cells can 
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6 
signal through the TCR-CD3 complex. There is a prolifera 
tive response to both CD3- and TCROB-crosslinking among 
these peripheral T cells, demonstrating that lck is not indis 
pensable for the CD3 signaling pathway. The decreased 
proliferative response relative to normal T cells may have 
several explanations, including the observed decrease in 
accessory molecule (CD4/CD8) expression and/or the 
absence of p56' as a potential signal amplifier. The 
enhanced response to CD3- and TCROB-crosslinking in the 
presence of IL-2, and the response to IL-2 alone, suggest 
that, although shown to coprecipitate with IL-2 receptor 
B-chain and to be activated upon IL-2 stimulation of human 
T cells, p56' is not indispensable for the IL-2 signalling 
pathway. The normal proliferative response observed using 
phorbol ester and ionomycin in Lck-deficient peripheral T 
cells indicates that signal transduction via protein kinase-C 
activation and calcium influx is already downstream of 
events mediated by p56*. 

In the periphery, there is a decrease in CD4 cell-surface 
expression which is detected even within heterozygous 
mutant mice, and a decrease in both CD4 and CD8 expres 
sion in homozygous mutant mice. Curiously, however, there 
is no decrease of CD4- or CD8-expression in the thymus, 
even among the few double positive thymocytes remaining 
in homozygous mutant mice. These observations suggest 
that the role of p56* in the regulation of CD4 and CD8 
surface expression is different in the thymus versus the 
periphery. Others have indicated that p56' might be 
involved in the regulation of CD4 internalization; the down 
regulation of CD4 observed in our heterozygous mutant 
mice also supports this notion, although transcriptional or 
translational regulation of CD4 expression by p56* cannot 
be ruled out. 
The extensive degree of interaction between CD4 and 

p56* (and also, to a lesser extent, CD8 and p56') in 
double positive thymocytes, as well as the observed 
enhancement of lokkinase activity upon CD4-crosslinking, 
suggests that the thymic atrophy and impairment of thy 
mocyte maturation in the Lck-deficient mice is related to an 
inability of CD4 and/or CD8 to transduce their signals. The 
crucial role of CD4 and CD8 during positive and negative 
selection is well established; however, mice lacking either 
CD4, CD8, or both CD4 and CD8 have normal thymic 
architectures and no decrease of the total number of 
thymocytes''. Therefore, an inability to signal through 
CD4 or CD8 cannot be considered the main factor respon 
sible for the thymocyte developmental defect in Lck 
deficient mice. 
Thymocyte kinetic studies have indicated that thymocyte 

maturation comprises both thymocyte expansion and cellu 
lar differentiation; yet, positive selection does not seem to 
involve a significant expansion of the double positive popu 
lation. Whereas CD4- and CD8-mediated signals are con 
sidered important during positive selection, the signalling 
pathway involved in the prior phase of expansion of the 
double positive thymocyte population is currently unknown. 
The drastic reduction in the number of double positive 
thymocytes observed in Lck-deficient mice implicates p56* 
in the signalling pathway required for this expansion phase. 
Furthermore, interaction of p56* with the IL-2 receptor 
B-chain could be considered important for this expansion 
signal, although mice lacking IL-2 display no thymocyte 
developmental defect". p56 interaction with GPI 
anchored cell-surface molecules such as Thy-1 and/or the 
protein tyrosine phosphatase CD45 might also be required 
for this expansion signal. However, the observed lack of 
double positive thymocyte expansion in Lck-deficient mice 
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does not exclude the possibility that p56'-mediated signals 
are also important during thymic selection and, therefore, 
the analysis of a specific T cell receptor transgene in 
Lck-deficient mice should bring some insights into positive 
and negative selection signalling events. 

Intriguingly, in the 4-6 week-old homozygous mutant 
mice, the thymic phenotype is very similar to the perinatal 
normal thymus during the transitional phase between the 
two major waves, fetal and postnatal, of thymocyte devel 
opment. The small size of the thymocyte population (~10' 
cells), the proportion of double positive (80%) and double 
negative thymocytes (20%), and the cell cycle profile are 
surprisingly similar. Moreover, Lck-deficient adult mice 
possess thymocytes expressing an antigen normally seen on 
fetal thymocytes (Th V-14), as well as immature thymic 
stromal compartments. These observations suggest that, in 
the absence of Ick expression, thymocyte maturation is 
arrested at a perinatal stage of development p56* mediated 
tyrosine phosphorylation may thus provide the required 
signal for progression into the postnatal phase of thymic 
development, directing the expansion of the double positive 
thymocyte population. 

Experimental Methods 
Production of Mutant Mice Homozygous for the Dis 

rupted lok Gene 
A targeting vector, PmlckBSNeo2.3, was constructed. 

The neomycin resistance gene (Neo R) cassette containing 
1.2 kilobases (kb) derived from the XhoI-SalI fragment of 
plasmid pMC1PolA (ref. 18) and was inserted in a Sal I site 
created at a previous BspMII site in exon 12 of the lck gene, 
110 bp upstream of the codon corresponding to tyrosine 
505. The 2.3 kb of genomic lek in the targeting vector was 
obtained by screening of a mouse genomic library with a 
human lck cDNA probe. Electroporation of the D3 ES cells 
and screening for homologous recombination were carried 
out according to Joyner et al.'. Aprimer specific for the neo 
cassette within the neomycin resistance coding sequence 
(5'-TATCAGGACATAGCGTTGGCTACCC-3"), and 
another antisense primer specific for exon 12 of lok,3' of the 
targeting Wector (5'- 
CTTAGACTCACGTGCTCCACAGGTA-3"), were used in 
the polymerase chain reaction (PCR) performed to detect 
homologous recombination; lok cDNA sequences spanning 
exon 12 were used as a probe in this PCR detection method 
(data not shown). 
A Southern blot was performed comparing the structure of 

the lck locus in parental D3 ES cells and two targeted cell 
lines 56b3 and 5gb5. Genomic DNA was digested with 
HindIII and probed using the 3' flanking probe (600 bp 
EcoRI-HindIII fragment). In cases of homologous 
recombination, a 3 kb fragment is detected from the dis 
rupted lek allele, instead of a 1.8 kb from the wild-type 
allele. 
Mice heterozygous for the mutant gene were inbred to 

homozygosity. 
Analysis of p56' expression and activity 
FIG. 2a shows an immunoblot analysis of p56' protein 

levels of 100 pig thymocyte lysates from homozygous 
mutant (-f-; lane 1), heterozygous mutant (+/-; lane 2), and 
wild-type mice (++; lane 3); lanes 4–9, titration of wild-type 
(+/-) thymocyte lysate, 50, 25, 12.5, 6.25, 3.12, and 1.6 pug, 
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respectively. Autoradiograph exposure time: 15 h. Quanti 
tation of the bands revealed that the amount of p56* in the 
heterozygous mutant mouse cell lysate (lane 2) was approxi 
mately half of the amountin wild-type mouse lysate (lane 3). 
FIG.2b shows an immune complex kinase assay of p56* 

activity. The tyrosine kinase activity of p56* 
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(autophosphorylation) was assessed using Lck immunopre 
cipitates from cell lysates: 150 ug thymocyte lysates from 
homozygous mutant (-|-; lane 1). heterozygous mutant 
(+/-; lane 2), and wild-type mice (+/-; lane 3); lanes 4-6, 
titration of the wild-type (++) thymocyte lysate, 75, 37.5, 
and 18.8 g. respectively. Autoradiograph exposure time: 15 
h. Quantitation revealed that the kinase activity in the 
heterozygous mutant mouse cell lysate (lane 2) was approxi 
mately half of the wild-type activity (lane 3). Positions of 
markers of known molecular weight and the position of 
p56* are indicated on the left of each figure. METHODS 
Immunoblot analysis. Thymic and lymph nodes cells of 3-4 
weeks-old mice were washed in PBS and Lysed in TNE 
buffer (50 mM Tris pH8.0.1% NP-40, 2 mM EDTA pH8.0) 
supplemented with protease inhibitors and phosphatase 
inhibitors. Defined amounts of proteins from cellular lysates 
were denatured in sample buffer, boiled, and resolved by 8% 
SDS-PAGE. The proteins were electrophoretically trans 
ferred to nitrocellulose and analysed for p56* expression 
using a rabbit antiserum generated against a fusion protein 
containing amino acids 2-148 of the murine p56* 
sequence. Bands were cut from the nitrocellulose blot and 
counted in a y-counter for quantitation. 
Immune complex kinase assay. p56' was recovered from 

cell lysates using a rabbit anti-Lck antiserum directed 
against amino acids 39-64. After collection on formalin 
fixed Staphylococcus aureus (Pansorbin, Cal Biochem), 
immune complexes were washed and resuspended in kinase 
buffer. Kinase reactions were performed for 2 minutes at 
room temperature with constant shaking in 25 pull of kinase 
buffer containing 1 M of cold ATP, 12.5 uCi Y-P-ATP 
(3000 Ci/mmol, New England Nuclear). Reactions were 
stopped by the addition of 1 ml lysis buffer, washed three 
times, and resuspended in sample buffer. Phosphorylated 
polypeptides were subsequently resolved on 8% SDS-PAGE 
gels. 
Flow Cytometric Analysis 
Single-cell suspensions from red-blood cell-depleted 

peripheral blood, thymus, and lymph nodes were made and 
2-5x10 cells were stained with monoclonal antibodies for 
45 min at 4°C. in 100 pil PBS containing 1% BSA and 0.1% 
sodium azide. Cells were then washed with PBS and analy 
sed by double-colour flow cytometry on a FACScan (Becton 
Dickinson). Monoclonal antibodies used were anti-Lyt-2 
(53-6.7. Becton Dickinson), anti-L3T4 (GK1.5. Becton 
Dickinson), anti-CD3 (145-2C11, PharMingen), anti-Thy 
1.2 (30H12. PharMingen), and anti-surface mu (Sigma). 

Proliferative responses of peripheral T cells from normal 
(+/-) and Lck-deficient (-f-) mice 
Nylon wool purified lymph node and splenic T cells from 

normal, heterozygous (data not shown), and homozygous 
mutant mice were cultured in flat-bottomed, 96-well plates 
at a concentration of 5x10' T cells/well (as measured by 
Thy-1 and CD3 staining on FACScan). Crosslinking experi 
ments were performed using plate-bound antibody stimula 
tion and 10 irradiated (3000 rads) spleen cells were added. 
Prior to stimulation with anti-CD3 (2C11) and anti-TCRO.B 
(H57-597) antibodies, plates were coated overnight with 
purified rabbit anti-hamster IgG (10 g/mL). Concentrations 
used: 20 units/mL recombinant interleukin-2 (rIL-2, Roche), 
10 ng/mL phorboi 12-myristate 13-acetate (PMA, Sigma), 
and 400 ming/mL ionomycin (CalBiochem). The cells were 
cultured for 3 days in IMDM (10% FCS) and cultures were 
pulsed with 1 pCi of H-thymidine on day 3 and harvested 
9 hours later. Values plotted in FIG. 5 represent mean of 
triplicate cultures + standard deviations (SD). This experi 
ment is representative of four different experiments per 
formed. 
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Analysis of B cell responses in normal (+/-) and Lck 
deficient (--) mice. 
The amount of various immunoglobulin isotypes in 5 

weeks old homozygous mutant (-/-) and age/sex-matched 
normal (+/-) mice were determined by a panel of mouse 
isotyping antibodies (Bio-Rad, Calif. Catalog No.172 
2055). The assay procedure was carried out essentially as 
described by the manufacturer, using sera diluted 100 times 
in PBS. The frequency of LPS-responsive splenic cells was 
determined by a double-layer agar culture assay. Spleens of 
homozygous mutant mice contained, on average, approxi 
mately 30% more B cells (data not shown). Serum immu 
noglobulin levels and splenic cell LPS responsiveness were 
analysed by a modified ELISA and an agar colony assay, 
respectively. 

Deposits 
The ES cell lines 56b3 and 5gb5 have been deposited in 

the AmericanType Culture Collection, Rockville, Md., and 
given ATCC Accession Nos. CRL. 11117, CRL. 11115 
respectively. 
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I claim: 
1. Amouse homozygous for a disruptedlck gene, wherein 

the lck gene is disrupted by a selectable marker sequence 
and wherein said mouse has an absence of CD4-CD8 and 
CD4CD8" thymocytes. 

2. The mouse of claim 1 wherein the disruption comprises 
a disruption of exon 12 of the lick gene. 

3. The mouse of claim 2 wherein the disruption comprises 
an insertion of a marker for neomycin resistance into the 
EcoRI site of exon 12. 

4. Amouse homozygous for a disruptedlck gene, wherein 
the lck gene is disrupted by a selectable marker sequence 
incorporated into the genome of an embryonic stem cell line 
having ATCC Accession No. CRL 11115, said embryonic 
stem cell being introduced into said mammal or an ancestor 
of said mammal at an embryonic stage; wherein said mouse 
has an absence of CD4"CD8 and CD4 CD8 thymocytes. 

5. A mouse homozygous for a disruptedlck gene, wherein 
the Ick gene is disrupted by a selectable marker sequence 
incorporated into the genome of an embryonic stem cell line 
having ATCC Accession No. CRL 11117, said embryonic 
stem cell being introduced into said mammal or an ancestor 
of said mammal at an embryonic stage; wherein said mouse 
has an absence of CD4"CD8 and CD4-CD8 thymocytes. 

6. Embryonic stem cell line ATCC Accession No. 11115, 
where said cell line has a disrupted lick gene. 

7. Embryonic stem cell line ATCC Accession No. 11117, 
where said cell line has a disrupted lek gene. 
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